Measurement of bank failure risk is still a challenging research problem. This study is aimed to measure the Indonesia banks probability of bankruptcywith Model Merton which has the better predictive power and is based on a far stronger financial theoretical frameworkcompared to the popular bankruptcy prediction model which is categorized by Sundaresan (2013) as a theoretical model such as Altman Z-score model and Ohlson 0 score more popular. The study also examine the relationship of bank efficiency and market power with its probability of default. The test results demonstrate that bank efficiency significantly affects the dynamics of bank's default risk.
The risk of bankruptcy or default risk obtains great attention from business actors in capital markets, companies that provide accounts receivable, as well as regulators who need early warning system tools on the condition of the financial institutions under their supervision. Deposit Insurance Corporation (LPS) requires the measurement of default risk so that the rate of deposit insurance on each bank can be adjusted to the default risk of each bank. The way of measuring the default risk of a company has been a longstanding research problem and is still facing problems in the aspect of methodology 219 and data availability up to now (Ferreira Filipe, et al., 2016; Afik, et al, 2016) .
The first approach to measure the default risk of a company was started by Altman (1968) . The approach used by Altman (1968) was the statistical method, namely multi-discriminant analysis. By using the data of 66 companies that split into two equally large groups between bankrupt and nonbankrupt companies during the period of [1946] [1947] [1948] [1949] [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] [1958] [1959] [1960] [1961] [1962] [1963] [1964] [1965] in the United States, Altman acquired a linear equation that could predict corporate bankruptcies with the data of company's financial ratios. The value obtained from the linear equation contains five financial ratios obtained by Altman through discriminant analysis, which is called Altman's Z-score. High Z-score reflects low default risk. If Z <1.80 then the probability of default of the company in the next 2 years is quite high. If Z> 3 companies can be categorized as quite safe from the threat of bankruptcy. If the Z-score is between 1.80 and 2.99, then the company is in the zone of uncertainty. Although the prediction of Altman model has been criticized, such as Johnson (1977) , it is quite popular, widely used by practitioners and taught in financial textbooks because of its simplicity and quite good predictive power.
In addition to Altman model, there are other models of bankruptcy prediction by using discriminant analysis, namely Taffler model (1982) , Beaver model (1966) , and Edmister model (1972) . All discriminant analysis based models have the same disadvantage, which is the selected model has no logical basis and strong financial theory. Such model is obtained in a priori with ex-post data and the choice of financial ratios is performed arbitrarily, and the coefficient of each financial ratio in the resulting model depends on the data used as the modeling basis. Generalizing model to other data becomes the main problem. Taffler model (1982) , Beaver model (1966) , and Edmister model (1972) are different from Altman model because the data of companies in the United States used by each researcher is different. Taffler (1982) obtained a different model for companies in the UK, while Edmister (1972) found a different model for companies with small assets. Discriminant analysis based models like Altman (1968) and others have their own problems in predicting the bankruptcy of a financial institution such as a bank because the financial ratios in the model are more accurate in measuring the financial condition of the non-financial company, especially in manufacturing companies.
Another model of bankruptcy prediction is a model based on linear probability models such as Logit model, Probit model, and Normit model. Ohlson (1980) became the first person who used Logit model for predicting non-financial company. Martin (1996) used Logit model as an early warning system in the United States banking. Hadad, et al (2004) predicted bankruptcy of banks in Indonesia. Betz, et al (2014) predicted financial distress of banks in Europe with Logit model. Criticism of the use of Logit model as a prediction model of bankruptcy or bank failure is almost similar to the criticism of the discriminant analysis model; that the development of a model that does not have an intuitive basis and adequate financial theory, highly depends on ex-post data, and its generalization is questioned to other companies or to financial institutions.
In 1974, Robert Merton introduced a new approach to bankruptcy risk modeling by using option contract model. Black-Scholes option formula. The model of bankruptcy prediction with approach mentioned in Merton (1974) is called structural model. This structural model uses Modigliani-Miller assumption about the capital structure of a company that does not influence the value of a company. The value the company referred to in Merton model is the market value of the asset that reflects the prospects and the business value of the company in the future. The market value of the asset of a company changes over time, depending on external and internal situations; therefore it is assumed to move in a random walk. The next pillar in Merton model is the market value of equity and, the debt of company can be modeled as a contingent claim of the company's assets. The debt of company can be assessed as a put option contract of company's asset with a strike price as much as the face value of debt and the selling option is due to the due date of the debt. If the market value of the asset (Vt) is much greater than the principal of the debt to be paid on the due date (Ft), then the lender will receive all principal of the debt. If the market value of the asset is lower than the principal of the debt that should be paid on the due date, (Vt< Ft) the company is claimed to be in default condition and cannot pay the debt fully. The bond holder will only acquire as the asset value (Vt) and suffer a loss of (Ft-Vt). However, if the bondholder holds a sell option contract with the specifications explained above when in the default condition, the bond holder can still obtain the principal of the debt fully by exercising the sell option contract, which strikes price is as much as the amount of principal of the debt. Portfolio risk bond with put option can be a risk-free bond. The price of sell option contract will be more expensive if the probability of bankruptcy of the indebted company is higher. The bankruptcy probability of bank can be reflected in the probability of the exercise of sale option contract or in terms of a derivative contract, the probability of sell option contract is included in the in-the-money contract (Anginer, et al 2014) . With Merton approach, the equity value of a company can be modeled as call option while the company's debt value can be modeled as a put option.
The estimation method of company's market value of asset becomes the focus of attention in the implementation of Merton model because it is a variable that cannot be observed in the market (unobserved variable). The value of the stock market is approximated from the equity market value that can be known from the stock price of the company being traded in the stock exchange. The estimation method of the market value of asset of company and its volatility become one of research topics and is still developing in the implementation context of Merton model (Afik, et al., 2016) In measuring the default risk, some researchers often use distance to default, which is the difference between the market value of asset estimated with Merton model and the amount of debt principal, which is then scaled with the standard deviation of the market value of an asset. Distance to the default of Merton model has been proven to be a better default prediction tool compared with accounting data-based models (Hovakimian et al, 2012; Bharath and Shumway, 2008) . Compared with accounting data-based risk such as Z-score, distance to default based on market data has some advantages. First, distance to default can be calculated more frequently and in a shorter period to know the default estimation at a certain point of time. Audited financial statement information is available once a year and the unaudited financial statement information is available once a month, while stock exchange information is available daily. Second, information on the stock market is usually forward-looking, so distance to default can reflect the market's perception of future bank conditions. The probability of bankruptcy is a key indicator of bank stability. The instability of banking sector can be transmitted to other sectors through various forms, namely the disruption of the payment system, the decline in the amount of credit, and frozen deposits of bank customers. Due to its serious and widespread impact on the economy as a whole, regulators generally issue regulations aimed at maintaining the stability of banking sector by regulating the level of interbank competition and the level of bank efficiency. More efficient banks are expected to be more stable and resistant to the economic and business cyclical shocks (Ferreira Filipe, et al., 2016) . Hughes and Mester (2013) show that if banks have quite great strength in the market, then the franchise value of bank will increase because the share price of banks in the stock market is increasing. Because the franchise value reflects the intangible capital that can only be maintained by the bank if the bank is still operating prudently and generates profit according to the expectation of investor, then the bank is faced with the opportunity cost that is too large to be involved in high-risk business activities. The bank becomes more cautious in delivering credit and maintaining capital adequacy according to existing banking rules and continues to improve its efficiency. The stability of banking sector is increasing when the competition between banks is limited by regulators (Beck, et al.2012 ). This view is often referred to as competition-fragility, banking competition makes the banking system becomes fragile instead.
The "competition-stability" view has a logic flow that is different from the "competition-fragility" view which has been described above. In the view of competition-stability, banking stability will only worsen as the level of inter-bank competition declines. Banks with large market forces will tend to set higher lending rate. Hovakimian, et al (2012) indicates that high lending rate will increase the risk of bank loan portfolio due to adverse selection in the bank lending process, in which projects financed by banks are classified as projects with poor quality. The high cost to be paid by the company will encourage low-risk borrowers to avoid banking funding and look for other sources of funding through the capital market with the much lower cost of fund. Prospective borrowers who cannot access funding except banking are generally due to their business risk and high-risk project so that they do not attract investors in the capital market to become bank customers who receive banking credit. The reaches 4.5%. The large range of Prime Lending Rate can be an indication of segmented banking market that enable banks to behave as monopolists in their segments, determine the various lending rates, as well as compete through factors other than price (interest rate).
Research Objectives
This study will measure the default probability of bank whose shares are listed on the Indonesia Stock Exchange by implementing Merton Model and testing the significance of the relationship between default probability, which is a measurement of bank stability,and the efficiency and market power of each bank.
Literature Review
The first approach to predict corporate bankruptcy is discriminant analysis method. The most popular model in this discriminant model family is Altman model. Altman model used to predict the probability of bankruptcy is: Z = 1,2 X 1 + 1,4 X 2 + 3X 3 + 0,6X 4 + 0,99X 5 .. (1) In which X 1 is Working Capital/ Total Assets, X 2 is Retained Earnings/Total Assets, X 3 is Earnings before Interest and Taxes/Total Assets, X 4 is Market Value of Equity/ Book Value of Debt, and X 5 = Sales/ Total Assets.
This Altman model is a discriminant equation which is estimated from 66 companies in the United States and is able to separate between companies that go bankrupt and those who do not.
The prediction model of Beaver (1966) also used discriminant analysis obtained from the analysis of financial statements of 23 companies that are failed to pay their debts in the United States. Unlike Altman (1968), Beaver found the ratio that can be used to predict the failure of a company, namely cash flow ratio, net income ratio, debt-asset ratio, and working capital ratio. Taffler (1982) used the data of 32 British companies to find discriminant linear equations with four financial ratios: EBIT/ total asset of the previous year, net capital employed, net worth, quick bankruptcy probability of companies which receive credit from banks becomes relatively high and sensitive to economic changes and business cycles. The number of bad loans of banks tends to increase and threaten the stability of the banking system.
Competition between banks in Indonesia can be categorized as nonprice competition. This can be indicated from Prime Lending Rate (SBDK) of Indonesian banking which has a wide dispersion range between banks. The standard deviation of Prime Lending Rate of Indonesian banking was recorded at 2.09% (Table 1 ). In comparison, the standard deviation of the Prime Lending Rate of Malaysian and Thai banking is only 0.3% (Table 2) . Banks with much higher credit interest can still exist because they offer other valuable features in the perspective of their customers. The average and standard deviation of Prime Lending Rate of bank serving SME customers tend to be much higher compared to corporate and retail credit. The segmentation of banking service market in SMEs seems to be even tighter in its segment. Discriminant analysis based model has different variables because the determination of any variable that can predict the default possibility is arbitrary without being based on a particular theory. Altman (1968) claims that the ratio chosen is based only on the number of people using those ratios. Financial ratios calculated from the financial statements considered by many researchers to not able to be functioning as ex-ante because the accounting report is historical or ex-post. The accounting statements also appear with quite long period of time, annually for the audited, making it impossible to measure the probability dynamic of defaults in a shorter period of time. However, Z score often can produce the right indication if it is used to measure the default in the annual period because of the amount of working capital, total retained earnings and EBIT directly gives an indication of the amount of cash that a company can earn to pay its liabilities in that year. The relationship of financial ratios used in the model and the amount of cash in the future is a tautology, which indeed will result in a good match and significance in the statistical test but it still cannot predict bankruptcy with a measurable probability.
The claim of Altman (1968) that the financial ratios he used in Z score model experienced three to two year deterioration before the bankruptcy occurred was tautology construct. The evidence which was shown by Altman is only a description of a condition, not a proof of a prediction. All the ratios which were used by Altman have proven to be much worse for companies that have gone bankrupt, but the ratio has no prediction power. There is a problem of inference from ratio to the probability of bankruptcy. The assumption used by Altman in estimating his model has a difficult assumption that is mutually independent between those ratios. This assumption is very important in multivariate discriminant analysis. If those ratios are strongly correlated each other, the use of all these ratios becomes redundant and leads to instability in the coefficients in the discriminant function when used in different samples and will result in a large standard error in those coefficients, so that the significance becomes doubtful. Differences in the characteristics of the industry, a number of the company's assets, and the length of the company's operations are believed to also affect the company's financial ratios so that the model of bankruptcy risk by using financial ratios cannot be general.
Another default risk model is Linear Probability Model. Ohlson O-Score is a linear model of 9 risk factors that are estimated with Logistics model. Betz et al (2014) stated that this Logit model produces a more definitive and measurable bankruptcy probability than a discriminant analysis based model. However, the use of financial ratios in Linear Probability model still generates the same criticism faced by the discriminant model, which is the theoretical basis underlying the formation of the model.
Merton model has the advantage from the theoretical framework, which is stronger than any other default prediction model. However, the implementation of Merton Model empirically has a major obstacle, which is how the estimation method of the market value of the company's assets, and its volatility is unobservable. Afik et al (2016) shows the current methods used by researchers in using Merton model empirically. Merton model is widely implemented in predicting the risk of deposit insurance in some countries in determining risk-based tariff (Sundaresan, 2013) .
Research Method Data
The period of data used was between January 2010 and December 2014. This period was chosen to avoid the influence of global economic crisis in 2008. The data of stock market data were obtained from Thomson Reuters Datastream, while the data 
Calculation of Default Probability
This study used a contingent claim framework of Merton (1974) to measure the default risk of a bank. Merton model positions the bank's equity value as a call option of the bank's assets. The probability of default occurrence is measured by using distance to default, which is the difference between the company's value of assets and the face value of its debt.
As pointed out by Merton (1974) , the equity market value of bank can be modeled as call option of bank's assets: S E is the standard deviation of daily bank stock during the previous year. T equals 1 year. r is the yield of Government Securities of the Republic of Indonesia which matures in one year. From X With two variables can be calculated from the data of stock market, namely V E and S E , and X obtained from bank financial statements, we can solve the problem of estimation on V A and S A which are unobservable by using the method of Newton for equation (3) and (4) 
simultaneously. Initial values included in Newton iteration process: V A = V E + X and S A = S E V E / (V E +X). The iteration process is done by using Solver optimization program in Microsoft
Excel. This interpolation method is carried out to make the changing process of the market value of assets of the company run smoother and to avoid any jump of default probability at the end of the year (Anginer et al, 2014) . In the calculation of asset volatility (S A ), winsorized is done for S E and V E / (V E +X) and at the percentile level of 5% and 95% with the aim of reducing the effect of the outlier.
Once we have successfully estimated the market value of bank's asset and its volatility and assumed the amount of m, which is equity premium by 6% as used by Anginer et al. (2014) , then we can calculate the size of Merton's distance-to-default as follows:
Equation (3) V A is Black-Scholes-Merton Option formula for a call option. V E is the market value of bank assets, and is the market value of bank equity. X is the Face Value of bank debts which has a due date at time T and interpolated linearly for each daily point in a period by using the average at the beginning of the year and at the end of the year. This method needs to be done in order to obtain a smooth asset value process and avoid jumps on implied probability default generated. r is the monthlyrisk-free-interest-rate, and d is the percentage of dividend against V A . S A is the volatility of bank asset value because it is not observable to beapproached by the following equation (Anginer et al., 2014) :
Results and Discussion
In Table 3 , we can see the descriptive statistics of data of distance-to-default values of all banks observed monthly from January 2010 to December 2014. Distance to defaults indicates the difference between the market value of an asset and the value of debt principal scaled by the standard deviation of the market value of an asset of the bank. After obtaining the value of Merton's distance-to-default, it can be calculated the probability of the occurrence of default of each bank monthly basis in the period of observation. The calculation results of the probability of default can be seen in Table 4 . The large standard deviation of probability of default in all banks from 2010 to 2014 indicates that Indonesian banks are experiencing a very high turbulence where business cycles and economic conditions lead to fluctuating bankruptcy risks of banks with very large deviation, although on average and median,
The default probability of bank is the normal transformation from the distance to default, namely PD = F (-dd), in which F is the cumulative distribution function of a standard normal distribution. The distance-to-default calculation for each bank is conducted monthly throughout the period of study.
The efficiency level of each a bank is measured by using BOPO ratio (Operating Expenses divided by Operating Income) obtained from the monthly report of bank to the regulator.
Empirical test of the relationship between probability of bankruptcy and efficiency, and added with LDR Bank as the control variable showing the aggressiveness of bank in delivering credit is done through the following model: probability of default of each bank can be said to be in a position that is still quite manageable. Table 5 shows the results of significance test of the relationship between probability of default of each bank and the efficiency and profitability of bank measured by BOPO and Net Interest Margin (NIM). All variables are proven to be significant at the error rate of 5% and 1% with the positive coefficient sign, which means that the more inefficient (high BOPO) a bank, the probability of default tends to be high. NIM also has the positive and significant relationship with the probability of default so that it can be concluded that if a bank has a great market power that can set aggressive pricing with high NIM, it will encourage the bank to become less disciplined in distributing credits that cause the probability of default tend to increase. The positive relationship between NIM and probability of default can also be caused by the adverse selection experienced by bank because the credit interest is too high, which makes the companies that apply for credit and obtain credit from bank are those who are at high risk, while companies with lower risk profile choose sources of financing other than banks. LDR also has positive and significant relationship with the probability of default, which indicates that the carrying capacity of deposit no the amount of credit distributed also influences the size of bankruptcy risk of the bank.
Conclusions
The banking risk of Indonesia which is measured by Merton's probability of default model shows very high dynamics in the period of 2010 to 2014. The business cycle and the economy that experienced high turbulence during that period affected great deviation of default risk. The bankruptcy risk of a bank is strongly influenced by the level of efficiency and strength of the bank in the market. The results of this test support the competition-stability view, that the improvement in the competition will improve the efficiency and reduce the market forces of the bank, so that NIM becomes lower, while better efficiency and lower NIM can suppress the probability of default of the average bank, which indicates better banking stability.
Suggestions
Based on the results of this research, the government and banking regulators are expected to provide additional information for the government in formulating domestic banking policy related to banking competition climate that can affect systemic default risk. The stability of banking competition climate is expected to be in line with financial system stability.
For academics, this research is expected to be a reference for further researches related to banking competition and systemic risk. In addition, it is expected that the use of Merton's distance-to-default method that requires the volatility of the market value of bank equity is improved, so that it can capture the level of systemic risk more accurately. The further research is expected to add variables related to banking regulation and institution in Indonesia. 
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